: Multivariate analysis for adaptability and yield stability of rapeseed (Brassica napus L.) strains in different agro-climatic zones. Vol. 50, No. 2,[369][370][371][372][373][374][375][376][377][378]. Plant breeders always look for high yielding genotypes based on both genotype and G × E (interaction of genotype with environment) for stability and adaptability in diversified environmental conditions. This present study consists of eight Brassica napus L. strains using RCBD design with three replications and conducted at eight locations in Punjab province, Pakistan to determine general and specific adaptability in 2014-2015. Additive main effects and multiplicative interactions (AMMI) study showed that the environments (86.65%) have more influence to treatment sum of squares as compare to the interaction of genotype with environment (9.4%) and genotypes (2.65%) respectively, indicating the presence of adequate genetic variation for useful selection to identify stable genotypes. G x E interaction was further partitioned by principal component analysis (PCA). The first four multiplicative axis terms (IPCA1, IPCA2, IPCA3 and IPCA4) give detailed 54.0%, 28.0%, 9.9% and 5.6% of GEI sum of squares (SS), respectively. The AMMI method was used to recognize suitable genotype / genotypes to specific locations / environments. The results showed that genotypes RBN-08004, RBN-04021 and 11-CBN 006 were more stable with the lowest interaction and have general adaptability with yield near about their mean yield. Genotype RBN-08004 has more than average yield, IPCA value closer to zero (1.8), genotype selection index (GSI) is 4 and least AMMI stability value (ASV) of 3.6 therefore considered the most stable. According to AMMI analysis, KN-253, KN-256 and RBN-08004 (adaptive 370 GENETIKA, Vol. 50, No2, 369-378, 2018 group 1) exhibited specific adaptability for Bhakar and Khanpur with yield greater than mean and positive interaction. Genotype RBN-04047 (adaptive group 2) which has yield lesser than mean yield and positive interaction showed specific adaptability for Chakwal and Karore. It was observed that stability evaluation through AMMI analysis may be used for selection of genotypes from experiments performed under different environmental conditions.
INTRODUCTION
The complex genotype × environment interaction (GEI) influences the expression of yield traits. The main objective of the breeding programs is to find stable genotypes which have higher seed yield through their evaluation under different environmental conditions. The stability of genotypes can be estimated by using AMMI analysis (GAUCH and ZOBEL, 1996) , or using other methods (AGUIRREZÁBAL et al., 2002) . ANOVA and PCA both can be combined in AMMI analysis (CROSSA, 1990) . Stability of genotypes and their adaptability to environment can be assessed through biplot where the genotypes scattered according to their principal component values (DE VITA et al., 2010) . It is especially useful in making genotype recommendations (ZOBEL et al., 1988) , and it provides selection criteria for further genetic improvements in a specific area (SUDARIĆ et al., 2003; MIJIĆ et al., 2007; MARJANOVIĆ-JEROMELA et al., 2011) . However, high yield is habitually related with decline in yield stability (CALDERINI and SLAFER, 1999; PADI, 2004) . Yield is a quantitative character (influence of many genes). Multi-locational yield trials are necessary to identify the most stable genotypes (AGUIRREZÁBAL et al., 2002) because environment plays a significant role in the variation of their yield (KANG, 1993) . These fluctuations are called as G x E interaction (GEI). GEI influences the breeding progress because it explains stability of a genotype in different environments and the selection of superior genotypes through their interaction with environment (EBDON and GAUCH, 2002) . Although, GEI reduces correlation between phenotypic and genotypic values which leads to preconception in the heritability estimation and forecast of genetic advance (COMSTOCK and MOLL, 1963; ALGHAMDI, 2004) . The aims of this research were; (i) Interpretation of genotype and environment interaction of 8 Brassica napus genotypes over eight locations. (ii) Observe fluctuations in yield performances across environments through biplot.
MATERIALS AND METHODS
In order to identify stable and high performance genotypes of Brassica napus (Table 1) Micro Yield Trial was carried out in randomized complete block design (RCBD) with three replications during growing season 2014-2015 at eight different agro-ecological environments (E1 to E8) in Punjab, Pakistan. Each plot consisted of four rows with 5 meter in length and 45 cm row to row distance was maintained. All recommended agronomical & cultural practices were done during whole growing period. Data for seed yield were recorded from each plot. At harvest seed yield was determined for each genotype at all locations.
Biometrical genetic analysis AMMI model GEI can be evaluated through the AMMI analysis. The AMMI equation is: y ger = µ + δ g + β e + Σ λ n γ gn δ en + P ge + ε ger Where y ger represents the seed yield of genotype (G) at each environment (E) for replicate (r), µ is the sum of mean yield, δg is the main effect of genotype or the genotype (G) mean deviation, βe is the main effect of environment or the environment (E) mean deviation, Σ λ n γ gn δ en is the singular value for IPCA axis N (N is the number of remain PCA axis in AMMI model: γ gn and Pge represents the genotype (G) and environment eigen vector value for IPCA axis N, respectively. ε ger is the residual or noise and is the error (if the test has repetition)). It should be mentioned that eigen values are without unit. But the single value of eigen vector has a performance unit (GAUCH, 1992) . Furthermore, AMMI stability value (ASV) was used to rank genotypes according to their stability as formula suggested by Purchase (PURCHASE, 1997) . Based on the rank of mean yield of genotypes and rank of ASV a genotype selection index (GSI) was calculated for each genotype.
RESULTS AND DISCUSSION
The primary interaction principal component axis (IPCA 1) expressed maximum interaction (54%) of the total differences in the GEI SS and 13 of the interaction degrees of freedom (df). The second and third interaction principal component axis (IPCA 2 and IPCA 3) gave 28% and 9.9% of sum of squares (SS) of this GEI. The first four interaction principal component axes (IPCA 1-4) explained about 97.5% of total variation, leaving 2.5% of the variation in the GE interaction in the residual. Actually the residual accounts for only 0.057 % of total SS. AMMI analysis revealed that mean squares for the IPCA 1 and IPCA 2 were significant at 1% probability level and both contributed to 82% of the total GEI. It has also been reported that the first two principal component axes was the best predictive mode (ZOBEL et al., 1988; YAN and RAJCAN, 2002; AFZAL et al., 2016; AHMAD et al., 2016) while another researcher has recommended the first four IPCAs to explain total variation (SIVAPALAN et al., 2000) . Variation in genotypes and range of environmental conditions will have an effect on the degree of complication (CROSSA, 1990; CROSSA et al., 1990) . Thus, results indicate that the AMMI analysis give sufficient details of the tested trial. So the interaction of the 8 brassica genotypes with eight environments was best predicted by the first two principal components (IPCA).
The IPCA scores (either positive or negative) of genotypes in the AMMI analysis indicate their stability or adaptability over environments (GAUCH and ZOBEL, 1996; PURCHASE, 1997; ALBERTS, 2004) . The larger the IPCA scores indicate the specific adaptability of a genotype to certain environments. The genotypes having small IPCA scores (near to zero) showed the more stable or general adaptation of that genotype is all the environments. Distances from the origin (pivot) indicate the magnitude of interaction that displayed by either genotypes over environments or environments over genotypes (THANGAVEL et al., 2011; MAHMOOD et al., 2016) . For example, the genotypes G1, G2, G5 and G7 and environments E2, E4, E6 and E8 expressed larger interaction, whereas the environments E1, E3, E5 and E7 showed low interaction. Figure 1 put in the picture that the points for environment are more scattered than the point for genotypes showing that environments plays more role in inconsistency than that due to genotypes differences (Table 2 ). Genotypes which were at right hand side of grand mean value with IPCA scores close to zero showed high mean performance, low interaction, and general adaptation to all environments. However, the genotype with high average performance and larger IPCA score are considered as specific adaptability to the environments. Figure 1 showed that G3 exhibited specific adaptability for E6 and E7 with seed yield less than mean and their interaction (G x E) is positive. Genotypes G1, G2, G4 exposed specific adaptation for E3, E4 with high seed yield more than mean yield and positive interaction (GEI). The genotype G6 and G8 with IPCA score close to zero showed stability and general adaptability with seed yield close to mean yield and low interaction. PURCHASE (1997) also reported that the genotypes close to pivot considered more stable. The genotypes G5, G7 were identified for specific adaptation for environment E1, E2 and E8 with positive interaction. AMMI model Analysis was also used in different crops for stability studies as in soybean (ZOBEL et al., 1988) , maize and wheat , sorghum (ZAVALA-GARCIA et al., 1992) , barley (ROMAGOSA et al., 2013) and chickpea (ZALI et al. 2011) .
The environment E3 and E5 had same main effect but differed in interaction with genotypes. Therefore, variety recommendations in such environments would likely to be quite unpredictable. Further the environment E4 and E2 showed maximum deviation from the mean and larger interaction, hence most suitable only for those genotypes which were specifically adapted. Distance from the origin either for genotype or environment indicate interaction. When genotypes and environments be positioned into the same sector, indicating that they interact positively and vice versa (OSIRU et al., 2009) . A genotype which shows high positive association in an environment would be best representative of that specific environment. So AMMI analysis assists to find genotypes best suitable for specific environment.
The distribution of genotypes (G4 and G8) in the biplot revealed their minimum interaction with environments as they are close to the origin while other six genotypes spread away from the origin showing that these genotypes were more influenced by environment. The genotypes G5 and G8 had positive correlation with environments E5 and E8, exhibited specific adaptability in these environments. G6 exhibited positive association with environment E1 and E2. Genotypes G1 indicated more genotypic expression favored by environments E3, E4 and E7. G3 showed positive association with environments E6 and adapted specifically to it. The angle between the vectors of genotype and environment tells either the interaction is positive (for acute angles) or negative (for obtuse angle). Genotypes G8 and G5 showed acute (smaller) angle with E5, E6 and E8 vectors. Genotypes G7 showed acute angle with environments E1, E2 and E5 while obtuse angle (larger) with environments E4, E3, E7, E6 and E8. G1 revealed acute angle and positive correlation with E4, E3 and E7 vectors whereas obtuse angle and negative association with E1, E2, E5 and E8 vectors. The entries G2 and G3 displayed acute angle with the vectors of environments E6, E3, E4, E7 and E8 while showed negative interaction and obtuse angle with environments E5, E1 and E2. As the length of the vectors of genotypes G4, G6, G3 and G8 is shorter than the other ones hence they are more adapted to their specified environments, while G1, G7, G5 and G2 with longer vectors indicated more deviation from their specified environments. Genotype or environment on the right side of the origin has higher yields than those on the left hand side. Regardless of IPCA 1 scores direction, environments on the right hand side of the midpoint of the main effect axis (E3, E4, E6 and E7) were seemed to be favorable environments for seed yield among the tested Brassica genotypes. 
AMMI Stability Value (ASV) and Genotype Selection Index (GSI):
It is not necessary that the most stable genotypes give the best yield performance; hence there is a need for an approach which incorporates both average seed yield and stability in one. So we consider ASV which takes into account both IPCA 1 and IPCA 2 to justify most of the differences for GEI. Therefore the rank of ASV and mean yield are incorporated in a single selection index namely genotype selection index (GSI).
The analysis using AMMI stability value indicated that RBN-08004 (3.6), RBN-04021 (5), 11CBN006 (6) and RBN-04047 (10.1) were among genotypes with lower ASV values, in order of importance. This revealed that these genotypes are relatively more stable than others. However, , and were classified under the least stable genotypes (Table 3) . Stability is not the only parameter for selection of high yielding genotypes because it is not necessarily that the most stable genotypes give maximum yield. As such, the genotype selection index revealed that RBN-08004 is the best and top-ranking genotypes integrating both stability and grain yield performance parameters followed by (Table 3 ). This result is in agreement with that of IPCA biplot (Fig. 1) . Therefore, all the above four genotypes could be potential candidates for variety verification as revealed using AMMI model and as observed in the actual field condition (FARSHADFAR, 2008) .
Genotype × environment interactions (GEI) are of leading concern in breeding programmes because it helps to understand the superiority of a genotype in diversified environments and facilitate the selection of improved genotypes (MAGARI and KANG, 1993; EBDON and GAUCH, 2002; MUNIR et al., 2016) . A genotype which performs well across the range of environments is considered as commercially successful. Moreover, the stability refers to its consistent performance across environments and is affected by the presence of GEI (HABEKOTTÉ, 1997; NTAWURUHUNGA et al., 2001; SIDLAUSKAS and BERNOTAS, 2003; AHMAD and TAHIR, 2017) . The GE interactions decrease the association between phenotypic and genotypic values because environment plays a significant role in their genotypic performance (SHARMA et al., 1987; ALGHAMDI, 2004; ALI et al., 2016) . According to the breeder's point of view, location is fixed factor, and yield consistency over time is the only related factor of yield stability (ANNICCHIARICO, 2002) . It is always endeavored to evaluate the stability of each genotype in diversified environments. CONCLUSION The results of studies concluded that additive main effects and multiplicative interactions (AMMI) analysis showed that the environments (86.65%) had more influence to treatment sum of squares as compare to the interaction of genotype with environment (9.4%) and genotypes (2.65%) respectively. It indicated the presence of adequate genetic variation for useful selection to identify stable genotypes and portion of environment interaction has more influence on overall yield performance of these genotypes. The first four multiplicative axis terms (IPCA1, IPCA2, IPCA3 and IPCA4) gave detailed 54.0%, 28.0%, 9.9% and 5.6% of GEI sum of squares (SS), respectively, while IPCA1 represented more than 50% of the total variation. The results further showed that genotypes RBN-08004, RBN-04021 and 11-CBN006 were more stable with the lowest interaction and have general adaptability with yield near about their mean yield. Genotype RBN-08004 has more than average yield, IPCA value closer to zero (1.8), genotype selection index (GSI) is 4 and least AMMI stability value (ASV) of 3.6 therefore considered the most stable. According to AMMI analysis, KN-253, KN-256 and RBN-08004 (adaptive group 1) exhibited specific adaptability for Bhakar and Khanpur with yield greater than mean and positive interaction. Genotype RBN-04047 (adaptive group 2) which has yield less than mean yield and positive interaction showed specific adaptability for Chakwal and Karore.
